We report silicon-on-insulator electro-optically tunable microdisk resonators with selectively integrated p-i-n diodes. Using free-carrier plasma dispersion effect, we show that the whispering-gallery modes can be blueshifted by 0.4 nm upon 1-V forward bias. In this summary, we report initial experimental demonstration of silicon-on-insulator (SOI) electro-optically tunable microdisk resonators with selectively integrated lateral p-i-n diodes. In contrast to microring resonators, microdisk resonators have the potential key merits of high-Q whispering-gallery modes (WGMs), and less sidewall-roughness induced scattering loss due to the absence of an inner sidewall. However, microdisk resonators
electro-optic modulator can be made micrometer-scale by using a microring resonator integrated with a lateral p-i-n diode.
(a) (b) In this summary, we report initial experimental demonstration of silicon-on-insulator (SOI) electro-optically tunable microdisk resonators with selectively integrated lateral p-i-n diodes. In contrast to microring resonators, microdisk resonators have the potential key merits of high-Q whispering-gallery modes (WGMs), and less sidewall-roughness induced scattering loss due to the absence of an inner sidewall. However, microdisk resonators are multimode, and thus more detailed device design considerations are needed in order to control or tailor the multimode responses.
Figure 1 (a) shows the schematic of p-i-n diodes integrated active microdisk resonator laterally input and output-coupled with waveguides. We selectively embed a heavily doped n-type region in the microdisk central region and a heavily doped p-type region in the slab region outside the microdisk. This constitutes lateral p-i-n diodes with the microdisk rim as the intrinsic regions. As the WGMs are nearly confined and localized along the microdisk rim intrinsic regions, free-carrier absorption and scattering due to the n + and p + regions should be minimal and can be engineered (by varying the doped-region radius and the separation from the p + arc region). Moreover, as higher order WGM fields extend deeper into the microdisk, it is possible to selectively suppress higher order modes by means of the excess loss in the n + -doped region. Upon forward bias, free-carriers are selectively injected into the microdisk rim and spatially overlap with the WGM field, resulting in resonance tuning.
Figure 1 (b) shows the cross-sectional schematic of our lateral p-i-n diodes embedded microdisk (along the dashed line in Fig. 1 (a) ). The microdisk radius is 10 µm and the n + -doped region radius is 7 µm. The p + -doped region has a 1-µm separation from the microdisk sidewall and a width of 4 µm.
. Figure 2(a) shows the optical micrograph of the fabricated device. We used 0.2µm SOI wafer with 3-µm BOX layer for the device fabrication. We employed photolithography and RIE dry etching. The device height is ~0.15 µm with a slab height of ~0.05-µm. We implanted 3x10 15 cm -2 phosphorous and boron dopants for the n + region and p + regions respectively. An upper cladding of 0.6-µm-thick low temperature oxide (LTO) was deposited as an electrical isolation layer. Aluminum is used for metal contact and the two p + arc regions are electrically connected.
The inset shows the measured I-V curve. At 1V forward bias, the current flowing through the buried diodes is ∼0.25 mA, which induces ∼6x10 17 cm -3 extra carrier concentration (both electron and hole) in the intrinsic regions. At 1.2V forward bias, the current increases to 0.88 mA, resulting in ∼1.7x10 18 cm -3 extra carrier concentrations.
Our simulations based on MEDICI semiconductor simulator also suggest a uniform carrier distribution within the intrinsic region at 1V or 1.2V forward bias. Using the empirical free-carrier dispersion relation by Soref and
Bennet [3] , we calculate a refractive index change ∆n ≈ -0.002 and an absorption coefficient change ∆α ≈ 8.7 cm In conclusion, we demonstrated an injection-type active SOI microdisk resonator device using selectively integrated p-i-n diodes. We successfully fabricated on a SOI substrate the waveguides laterally coupled 20-µm-diameter microdisk resonator. Our initial measurements show that upon 1 V forward bias of the embedded p-i-n diodes, 0.4 nm blueshift can be obtained, along with linewidth broadening, and mode dependent extinction ratio reduction. High-speed modulation response measurement is in progress.
